SUMMARY Previous studies show considerable variation in the perfusion and function of the left ventricle at rest and during stress in patients with disease of the isolated left anterior descending coronary artery. In search of mechanisms, we obtained exercise thallium-201 images in 35 such patients. None of the patients had had infarction. The exercise-induced perfusion defect size was measured as the average of the percentage of abnormal perimeter from the three standard projections. The perfusion defect size was smaller in the nine patients with 50-69% stenosis than in the 26 patients with 70% stenosis (10 + 9% vs 27 ± 15%, mean ± SD, p < 0.01). Among the 26 patients with > 70% stenosis, the perfusion defect was S 30% in 14 and > 30% in 12. All 14 patients with perfusion defects -30% were older than 50 years; eight of the 12 with perfusion defects > 30% were 50 years or younger (p = 0.0003). The severity and site of stenosis, collaterals, exercise heart rate and double product, propranolol therapy and results of exercise ECG were similar in patients with perfusion defects < 30% and in patients with perfusion defects > 30%. Using a stepwise regression analysis of 30 clinical, anatomic and exercise variables, only age showed a significant correlation with perfusion defect size (r = -0.58, p < 0.005). In patients with effective collaterals, the perfusion defect was smaller in patients older than 50 years than in patients age 50 years or younger (14 + 7% vs 41 ± 8%, p < 0.001).
ALTHOUGH coronary atherosclerosis involving only one major vessel is usually associated with a good prognosis,' isolated stenosis of the left anterior descending coronary artery may be more serious than isolated disease of the right or circumflex arteries. [2] [3] [4] [5] Several studies show that the annual mortality attributed to isolated left anterior descending disease treated medically is higher than that for isolated disease of the other two vessels. 6 An angiographic study of a group of 79 patients resuscitated from sudden death showed that 14 of these patients had isolated left anterior descending disease. 7 The optimal management of patients with isolated left anterior descending disease is controversial,8 although a surgical survival rate of 98% at a mean follow-up of 67 months has been reported.
Previous studies show considerable variation in the perfusion and function of the left ventricle at rest and during stress in patients with left anterior descending disease.0'-3 Assessment of the size of jeopardized myocardium may help to identify those patients with left anterior descending disease at higher risk of severe left ventricular dysfunction in the event of a myocardial infarction and, hence, a poorer prognosis.
Exercise thallium-201 imaging has been reported to be useful in assessing the viability of myocardium, " 14 and several quantitative approaches have been used. , [15] [16] [17] In this study we assessed the extent of jeopardized myocardium in patients with left anterior descending disease to determine predictors of the size of perfusion defects in these patients. Such findings may have important diagnostic and therapeutic implications.
Methods
Thirty-five patients with one-vessel left anterior descending disease without a history or electrocardiographic evidence of myocardial infarction who had exercise thallium-201 perfusion imaging within 3 months before coronary angiography constituted the study group. All patients were evaluated for symptoms of angina pectoris. No patient had unstable angina. All but one patient had symptoms of angina pectoris of less than 2 years' duration. Thirty were men and five were women, ages 34-66 years (mean 54 years). None of the patients had concomitant valvular or congenital heart disease and none had had prior bypass surgery.
Left-and right-heart catheterization, left ventriculography and coronary arteriography were performed with standard techniques. Each coronary vessel was visualized in multiple projections, including sagittal oblique projections. Each patient had at least 50% diameter narrowing of the left anterior descending coronary artery. The lesion was described according to its location in relation to the first septal perforator and diagonal branches. None of these patients had multiple stenoses. Depending on the distribution of the artery, it was classified as dominant, usual or diminutive. ' 
4-Hour Post-Exercise Delayed Anterior
Ten minutes after the exercise terminated, images were obtained in three projections. The techniques of exercise testing and imaging and interobserver and intraobserver variability in interpreting images have been described in detail.", 13. 19 Redistribution images were obtained 4 hours after exercise in the projections that showed the perfusion abnormalities. All patients in the study with initially abnormal images showed partial or complete redistribution.
The size of the defect was expressed as a percentage of the total ventricular perimeter in each projection ( fig. 1 ). The regions of the valves were excluded. This method is similar to that used by Field et al.20 to assess the extent of akinetic-dyskinetic segments by means of contrast left ventriculograms and has been used to measure the size of the thallium defects."I The average percentage of abnormal perimeter was determined from the three projections. The interobserver variability in sizing the defect was 4 + 4% (mean ± SD). The maximal difference was 13% in a patient with a large defect. Reproducibility of the quantitative analysis was examined in 10 patients with abnormal images on two occasions; the mean difference was 3 ± 3%. 12 (86) 2 (14) 8 (57) 4 (28) 4 (33) 8 (67) 10 (84) 1 (8) 1 (8) 10 (71) 13 (93) 1 (7) 0 (0) 9 4 NS NS
normal or had < 30% stenosis. In group 1, the location of the lesion was proximal to both the first septal perforator and diagonal branches in 16 patients, between the first septal and diagonal branch in eight, and distal to both branches in two patients. In group 2, the lesion was proximal to the first septal and diagonal branches in two patients, between the two branches in two and distal to both branches in five ( Exercise Heart Rate (beats/min) FIGURE 3 . Correlation between the size of the perfusion defect and peak exercise heart rate in 26 patients with ¢ 70% stenosis of the left anterior descending coronary artery.
sion defect in patients in group 1, eight patients had small defects (< 15%), six moderate defects (15-30%) and 12 large defects (< 30%) ( No 5, MAY 1983 stenoses and lower exercise heart rates than those without collaterals. Discussion The results of this study suggest that patients with ¢ 70% stenosis of the left anterior descending coronary artery have larger exercise perfusion defects than patients with stenosis of 50-69%. However, patients with one-vessel left anterior descending disease with obstructions ¢ 70% formed a heterogeneous group. Since the amount of jeopardized myocardium in this subset of patients is important prognostically and therapeutically, we sought the factors that would explain the variation in the amount ofjeopardized myocardium in these patients.
There is considerable controversy whether fairly asymptomatic patients with coronary artery disease should undergo revascularization to preserve left ventricular function. Bypass surgery is generally not recommended for obstruction of the right coronary or circumflex artery unless the patient has disabling symptoms despite optimal medical therapy. On-the other hand, some have recommended that young patients with high-grade obstruction of the proximal left anterior descending coronary artery undergo coronary bypass surgery, because it is assumed that a significant obstruction of the left anterior descending artery before the takeoff of any perforator or diagonal branches may compromise as much as 50% of the left ventricular myocardium, whereas a more distal lesion may compromise only 15%.21 However, whether younger patients with coronary anatomy similar to that of older patients would have a more favorable outcome with surgery remains to be shown. The goal of coronary bypass surgery in these circumstances is to preserve the viability of the myocardium. Therefore, if surgery is contemplated, each patient should be evaluated individually, considering the mass of myocardium in jeopardy.
Assessing the amount of myocardium in jeopardy by thallium is important. The exact correlation between the size of the perfusion defect measured by exercise images and the subsequent size of scar tissue after infarction is not clear; -however, patients with larger defects are at higher risk of larger infarctions than patients with smaller defects.22 There is great variability in thallium defect size in patients after infarction; larger defects denote more severe left ventricular decompensation and a poorer prognosis.23 Stepwise linear regression showed that only the age of the patient correlated directly with the size of the perfusion abnormality when other factors, such as sex, severity of stenosis, location of stenosis, collateralization, and exercise end points, were analyzed. In 24 of the 26 patients with B 70% stenosis, the lesion was proximal, either before or between the first septal perforator and first diagonal branches (table 1) . Our data, therefore, did not allow us to compare patients with proximal disease to those with more distal disease. All patients with premature coronary disease (younger than 50 years) had large perfusion defects on exercise scans.
Why should age influence the extent of perfusion abnormality when left anterior descending anatomic disease and exercise end point are similar in age groups? Cabin and Roberts24 did not show a correlation between infarct size at necropsy and patient age, or between the amount, location, and extent of coronary arterial narrowing by atherosclerotic plaque and age. However, their findings did not pertain solely to onevessel disease. Similarly, although duration of anginal symptoms tends to produce larger epicardial collaterals,25, 26 we found no difference in the degree of these anastomoses relating to age. All but one patient had had angina for less than 2 years. However, in humans, subendocardial collaterals (which may not be visualized angiographically) are more numerous than subepicardial collaterals,27' 28 so that one cannot discount the possibility of more extensive development of subendocardial collaterals in elderly patients or those with small perfusion defects. Age may affect the maturity and extent of subendocardial and intramural coronary blood vessels simply because atherosclerosis has had more time to evolve in elderly patients. The influence of epicardial collaterals may be less important.
Another factor that may be important is exerciseinduced spasm, which limits coronary blood flow and causes exercise perfusion abnormalities.29 ' 30 The arteries of younger patients may be more vulnerable to coronary vasospasm, but the lack of an ST elevation with exercise in our patients makes this possibility less likely.
Since thallium distribution is related not only to regional blood flow but also to the efficiency of ionic exchanges by myocardial cells, the process of aging could affect the distribution of the thallous ion.
Madden et al.11 studied the effects of aging on the washout kinetics of thallium in rats using a three-compartment model (extracellular, intracellular and subcellular), and found a significant reduction in the extracellular compartment and an increase in the subcellular compartment in older rats. The clinical significance of this finding is not clear, but it appears that aging affects thallium distribution in the myocardium.
Two potential problems of this study should be considered: the coronary angiograms and the thallium images. Factors other than the degree of stenosis and collaterals may affect the flow: the actual lumen at the site of stenosis, which depends on the caliber of the vessel, the eccentricity of the lesion, and the length of the stenosis.32 3 All left anterior descending vessels in this study were considered to be of normal caliber (at least 2 mm in diameter); furthermore, the length of the stenosis appears to be much less important than the degree of stenosis. The coronary angiograms were interpreted qualitatively by two experienced angiographers, but quantitative measurements using biplane angiograms were not available; however, the latter method is seldom used routinely.
Determination of thallium defect size is subject to problems of superimposition, attenuation, resolution and early redistribution; but all of our images were obtained by the same method and in the same sequence of projections, so the variability of defect size cannot be ascribed to this problem alone. The real problem is the absence of an independent method to measure the size of ischemic myocardium. Within the abnormal perfusion segment, the radionuclide uptake could be mildly, moderately or severely reduced, or could be absent. The importance of the degree of the perfusion deficit vs the extent of the perfusion deficit is not clear. Quantitative analysis of the thallium images by circumferential radial activity'7 profiles does not appear to have an advantage in this type of study (although they were available in most patients). This technique has an advantage in patients with multivessel disease in ascertaining perfusion abnormalities in apparently normal segments (based on an abnormal washout pattern). The reliability of washout curves, moreover, depends heavily on the method of background subtraction, which has its own limitations.35
Clinical Implications
Our results indicate that patients with isolated left anterior descending disease should not be lumped together, and the functional consequences of this disease should be considered. The data indicate that left anterior descending lesions may well put into risk more than 30% of the heart muscle in many patients. This phenomenon is significantly more common in patients younger than age 50 years. Our choice of 30% defect size was based on observations that damage of more than 30% of the myocardium is likely to result in cardiogenic shock or heart failure in patients with acute infarction.36 Further studies are needed to find out why older patients have smaller exercise-induced defects than younger patients and to determine the prognostic implications of the size of the exercise-induced perfusion defects.
